In North Africa, overnutrition has dramatically increased with the nutrition transition while micronutrient deficiencies persist, resulting in clustering of opposite types of malnutrition that can present a unique difficulty for public health interventions. We assessed the magnitude of the double burden of malnutrition among urban Moroccan and Tunisian women, as defined by the coexistence of overall or central adiposity and anemia or iron deficiency (ID), and explored the sociodemographic patterning of individual double burden. In cross-sectional surveys representative of the region around the capital city, we randomly selected 811 and 1689 nonpregnant women aged 20-49 y in Morocco and Tunisia, respectively. Four double burdens were analyzed: overweight (body mass index $25 kg/m 2 ) or increased risk abdominal obesity (waist circumference $80 cm) and anemia (blood hemoglobin <120 g/L) or ID (C-reactive protein-corrected serum ferritin <15 mg/L). Adjusted associations with 9 sociodemographic factors were estimated by logistic regression. The prevalence of overweight and ID was 67.0% and 45.2% in Morocco, respectively, and 69.5% and 27.0% in Tunisia, respectively, illustrating the population-level double burden. The coexistence of overall or central adiposity with ID was found in 29.8% and 30.1% of women in Morocco, respectively, and in 18.2% and 18.3% of women in Tunisia, respectively, quite evenly distributed across age, economic, or education groups. Generally, the rare, associated sociodemographic factors varied across the 4 subject-level double burdens and the 2 countries and differed from those usually associated with adiposity, anemia, or ID. Any double burden combining adiposity and anemia or ID should therefore be taken into consideration in all women. This trial was registered at clinicaltrials.gov as NCT01844349.
Introduction
In recent decades in low-and middle-income countries (LMICs) 8 , including in North Africa, socioeconomic changes in the context of globalization and growing urbanization have resulted in a nutrition transition characterized by the progressive westernization of diets and a decrease in physical activity in particular in urban areas (1) . As a consequence, there has been a dramatic rise in overweight/obesity, especially in women (2, 3) , and in chronic nutrition-related diseases, including type 2 diabetes, dyslipidemia, and cardiovascular diseases (4) . The worsening health situation owing to such overnutrition has occurred in contexts where undernutrition is still present, thus constituting a double burden of nutrition-related diseases. The double burden of malnutrition was first defined as the coexistence within nations of overweight and underweight adults (5, 6) or of overweight women and underweight or stunted children (5, (7) (8) (9) . Then a double burden was shown to also exist at the household level, e.g., the coexistence of underweight and overweight members of the same family (5, 10, 11) , of an overweight adult and an underweight child (10, 12) , or of a 8 Abbreviations used: DB AO-AN , subject-level double burden of increased risk abdominal obesity and anemia; DB AO-ID , subject-level double burden of increased risk abdominal obesity and iron deficiency; DB OW-AN , subject-level double burden of overweight and anemia; DB OW-ID , subject-level double burden of overweight and iron deficiency; ID, iron deficiency; LMIC, low-and middle-income country.
stunted child together with obese adults or with his/her overweight mother (13) (14) (15) (16) . However, concerning undernutrition, beyond a global improvement in underweight (6) , it has become apparent that several micronutrient deficiencies have not been successfully addressed until now in many LMICs, in particular iron deficiency (ID), one of the most common nutritional deficiencies in the world (17) . ID still persists as a worldwide problem (18) , and anemia, an indicator of ID, remains endemic in many regions (19, 20) .
The coexistence of overnutrition and micronutrient deficiencies has rarely been studied in LMICs and both overweight and ID are associated with increased risk of overall poor health and mortality. Beyond the double burden of overweight with underweight, it is important to focus on the double burden of overweight with anemia/ID, because ID and obesity continue to advance worldwide. Moreover, diets in transitional countries are increasingly both obesogenic and poor in micronutrients (1) . In addition, it has been hypothesized that overweight/obesity and micronutrient deficiencies coexist, not just within countries, but also within households (12) and therefore also within individuals. Evidence of overlapping overweight/obesity and anemia in individuals was reported in Indian women (21) , then in women from 3 transition countries (22) . In Egypt, a positive relation was shown between overweight in mothers and micronutrient deficiencies in the householdÕs diet (23) . Then the relation between adiposity and iron status was studied in women from Thailand (24) , Mexico (25) , Colombia (26) , and China (27) . Beyond this relation, few very recent studies reported cases of the individual double burden of malnutrition in women from LMICs. However, it concerned the combination of several double burdens involving overall or abdominal obesity and anemia or ID brought together in one health outcome in Africa (28) and the coexistence of overall obesity and anemia in a sample comprising not only women but also adolescents in Colombia (26) .
To our knowledge, no specific assessment has focused on the magnitude of individual double burden involving overall/central adiposity and anemia or ID using relevant blood indicators of ID or anemia, nor the extent to which these double burdens vary with sociodemographic characteristics. Indeed, sociodemographics are widely acknowledged determinants of overnutrition (29) (30) (31) (32) and anemia or ID (19, 20) . In this context, we aimed to study this double burden in women of child-bearing age. For the purposes of this analysis, we define double burden as overweight or increased risk abdominal obesity and anemia or ID in Morocco and Tunisia, 2 North African transition countries where both conditions are prevalent (3, 19, (33) (34) (35) (36) (37) . The objectives of the present study were to assess the magnitude of this relatively unknown double burden, both at the population and individual levels, and to explore the identification of household and subjectlevel sociodemographic factors associated with this double burden of malnutrition among women in urban areas where the burden of noncommunicable diseases is particularly acute.
Methods
The 2 present surveys were implemented in the framework of the ObeMaghreb research project involving Morocco and Tunisia. Survey design, questionnaire development, and data collection procedures were collaborative and the surveys were implemented in the same period.
Study area. Morocco and Tunisia are both North African countries that have recently undergone rapid economic development. Nevertheless, Morocco is currently a lower middle-income country (ranked 114 of 169 on the Human Development Index in 2010), whereas Tunisia is an upper middle-income country (81 of 169) (38) . In each country, the study focused on a mainly urban area around the capital city (region of RabatSalé in Morocco and greater Tunis in Tunisia).
Design and sampling. Two cross-sectional surveys were simultaneously carried out in the 2 countries in 2009-2010. The target population for the present study was 20-to 49-y-old nonpregnant women living in each of the 2 selected regions. In the Rabat-Salé region, a 3-stage random cluster sample was used: 45 census districts were randomly selected and in each district a starting point was randomly selected on a map. From each point, eligible households were selected until 20 households with at least one woman in the 20-to 49-y-old age group had been identified. At the third stage, one eligible woman was randomly selected in each household from the list resulting from the enumeration of eligible household members. In greater Tunis, a 2-stage random cluster sampling design was used: 76 census districts were randomly selected with probability proportion to size. In each district, 20 households were randomly selected and all persons aged 6 mo to 49 y were included: our analyses used the subsample of 20-to 49-y-old nonpregnant women.
Sociodemographics. Data on age, parity, marital status, and education level of the women, professional occupation of the women and of the head of the household, size of the household, and living environment were collected. Characterization of the environment was based on the type of neighborhood [modern/medina (medina being the old native residential district)/precarious] in Morocco and on the rural/urban classification of districts by the Tunisian National Institute of Statistics in Tunisia. A household welfare level proxy was computed by multiple correspondence analyses of 6 variables describing the characteristics of the dwelling and 11 variables coding household ownership of appliances; households were classified as high, medium, and low according to tertiles of this index (3, 39) .
Anthropometry. Anthropometric measurements were taken according to international recommendations (40) and following standard procedures (41) to ensure accuracy. Height was measured to the nearest 0.1 cm with a stadiometer. Waist circumference was measured to the nearest 0.1 cm with a nonelastic measurement tape. Body weight was measured to the nearest 0.1 kg. In Morocco, body weight was measured by using the body composition scale BodyUp (Tefal). In Tunisia, body weight was measured by using the weighing scale Detecto. All apparatuses were checked daily. Overall adiposity was assessed by BMI [weight (kg)/height 2 (m 2 )], with BMI $25 kg/m 2 defining overweight and BMI $30 kg/m 2 defining obesity (4). Central adiposity was assessed by waist circumference, with waist circumference $80 cm defining increased risk abdominal obesity (individuals at increased risk from obesity-related metabolic complications due to abdominal fat accumulation) and waist circumference $88 cm defining high-risk abdominal obesity (4).
Hemoglobin and iron status. Blood samples were collected in EDTAcoated tubes for hemoglobin and in normal tubes for serum ferritin and C-reactive protein. All concentrations were determined in single assay. Anemia was assessed using hemoglobin concentration, which was determined in whole blood using automated coulter counters: in Morocco with a LH750 counter (Beckman Coulter) and in Tunisia with a T540 counter (Beckman Coulter) with control materials provided by the company. Anemia was defined as hemoglobin <120 g/L (42). Iron status was assessed using serum ferritin concentrations as recommended by WHO as the best way of assessing iron status in a population (43) . Serum ferritin was determined by immunoassays: in Morocco using an automated coulter counter Access2 (Beckman Coulter) and in Tunisia with an assay kit Liaisob Ferritin (DiaSorin) with control materials provided by the company. C-reactive protein was measured using a nephelometric procedure with a BN ProSpec system (Siemens A) in Morocco and the Synchron CX9 System (Beckman Coulter) with BioSystems reagents in Tunisia. The limit of detection of C-reactive protein was 2 mg/L in Morocco and 5 mg/L in Tunisia. Women were classified as having a normal C-reactive protein if the serum concentration was equal to or lower than the limit of detection and as having inflammation if the serum concentration was higher than the limit of detection. A correction factor was derived from our sample (44) to correct serum ferritin for inflammation; we therefore used corrected serum ferritin as ferritin concentration 3 0.65 when inflammation was present and measured serum ferritin otherwise. ID was defined as corrected serum ferritin <15 mg/L (45). ID anemia was defined as corrected serum ferritin <15 mg/L together with hemoglobin <120 g/L.
Subject-level double burden. We considered 4 forms of double burden of malnutrition in an individual: the coexistence of overweight with anemia, the coexistence of increased risk abdominal obesity with anemia, the coexistence of overweight with ID, and the coexistence of increased risk abdominal obesity with ID.
Data collection. A questionnaire was used to collect sociodemographic characteristics, and anthropometric measurements were taken. A venous blood sample was drawn from women who fasted overnight to determine hemoglobin, serum ferritin, and C-reactive protein. In Morocco, interviews and measurements were performed by specially trained personnel during home visits. The women were then instructed to come to the Laboratory of Research and Medical Analyses in Rabat after fasting overnight. In Tunisia, all data were collected by professional health workers when participants came to the National Institute of Nutrition and Food Technology in Tunis. After being thoroughly informed on the purpose, requirements, and procedures of the survey, all women gave their free informed consent. All data were handled anonymously during analysis.
Data management and analysis. Data entry, including quality checks and validation by double entry of questionnaires, was performed using EpiData Software version 3.1 (46) . Data management and statistical analyses were performed using the SAS system (SAS Institute), release 9.1. The sampling design, i.e., clustering and sampling weights (accounting for differential probabilities of selection) (47) , was taken into account in all the analyses for both countries. The type I error risk was set at 0.05 for all analyses. Results are expressed as estimates and designbased SEs and/or 95% CIs. Descriptive results are expressed as means for interval variables and as proportions for categorical variables. Because distribution of SF was typically skewed toward large values, we used the natural log of these concentrations, a summary of which is the geometric mean, i.e., the back-transformed mean of the logs.
Based on a conceptual framework of the causes of double burden, the aim of the statistical analyses was to assess the environmental and socioeconomic patterning of the double burden, adjusting for individual characteristics and using the same set of 9 variables throughout all the analyses. Prevalence ORs were used to assess associations between sociodemographic factors and the subject-level binary health outcomes analyzed (overweight, increased risk abdominal obesity, anemia, ID, and the 4 forms of double burden). Crude associations were estimated using univariate logistic regression models. Adjusted ORs were estimated by multivariate logistic regression models.
Results
General characteristics of the sample. In Morocco, from the expected sample of 900 women, 89 refused to be surveyed. In Tunisia, among the 1817 eligible women 109 refused, 14 were absent, and 5 were ill. In the 2 countries, excluded women had similar socioeconomic characteristics compared with those included. After exclusions, 811 women in Morocco and 1689 women in Tunisia were under study, which was a response rate of 90.1% and 93.0%, respectively. In both countries, the mean age of the women was 36 y, two-thirds were married, and more than one-quarter in Morocco and one-third in Tunisia had no children ( Table 1) . A larger proportion of the heads of household in Tunisia had a professional occupation. About one-half of the women in Morocco and only one-tenth in Tunisia had never attended school; only one-fifth in Morocco and onethird in Tunisia worked outside the home. The mean (6SEM) serum ferritin concentration was 28.5 6 1.2 mg/L in Morocco and 50.2 6 2.4 mg/L in Tunisia, and the geometric means are given in Table 2 .
Population-level double burden of malnutrition. In both countries, more than two-thirds of the women were overweight (67 Table 1 . After adjustment, the observed associations with DB OW-AN were an increasing trend with household welfare proxy in Morocco and a higher prevalence among married women compared with not married in Tunisia ( Table 3 ). The only observed association with DB AO-AN was an increasing trend with age in Morocco and there was no association between DB AO-AN and the sociodemographic variables in Tunisia (Table 3 ). The only observed association with DB OW-ID was an increasing trend with parity in Morocco and there was no association between DB OW-ID and the sociodemographic variables in Tunisia ( Table 4) . For DB AO-ID , the observed associations were an increasing trend with parity in both countries and in the smallest households in Tunisia (Table  4) . The results were similar in the 2 countries for ID anemia (;15%) or for its combination with the 2 forms of adiposity (;10%). There was no association between ID anemia and sociodemographics and the only significant adjusted association was observed between economic level and the double burden of overweight and ID anemia in Morocco, that was the same pattern than that of DB OW-AN .
Discussion
In both countries, levels of both overall/central adiposity and anemia or ID were high, illustrating the phenomenon of double burden at the population level. About 8 women of 10 were affected either by adiposity or ID. In both our contexts, the population-level double burden was partly due to the coexistence at the subject-level of adiposity and anemia or ID. In the population studied, individual double burden concerned >1 woman of 4 in Morocco and almost 1 of 5 in Tunisia with simultaneous overweight/increased risk abdominal obesity and ID. This could be explained by diets and lifestyle patterns that can affect health outcomes at both ends of the nutrition spectrum by combining an increasingly sedentary lifestyle and intake of energy-dense but micronutrient-poor foods, together with low intake of micronutrient-rich foods. Based on their BMI, we could hypothesize that a sizeable proportion of women could be exceeding their energy intakes, which were not necessarily accompanied by adequate iron intake.
From the present study, no clear sociodemographic pattern of the individual double burden condition appeared in urban women. Moreover, the rare associated factors varied across the 4 types of double burden and the 2 countries. However, we sought to explore whether the factors associated with the double burden differed from those associated with only adiposity on the one hand and with only anemia or ID on the other hand ( Table 5) . After adjustment for all sociodemographic variables in the 2 countries, age was not related to any of the forms of double burden except marginally to DB AO-AN in Morocco. This differed from the marked increase in overall as well as central adiposity with age we observed, as expected, in both countries. At the same time, and consistently with the double burdens, we observed no association with age for either anemia or ID. The 2 double burdens involving ID in Morocco and only DB AO-ID in Tunisia increased with parity. This was consistent with the parity-linked, marked increase in adiposity observed in Morocco, and in increased risk abdominal obesity only observed in Tunisia. Because ID was not related to parity, when significant, the double burden parity pattern strictly reflected that of adiposity. In Morocco, the marital status of the woman was not associated with any of the forms of double burden as was the case of adiposity, anemia, or ID. In Tunisia, only DB OW-AN increased in married women. This could be explained by the marginal association with the marital status we observed for overweight together with the lack of association between marital status and anemia or ID. The marginal association we observed between marital status and increased risk abdominal obesity was not reflected in the double burden. In the 2 countries, no double burden was associated with the education level of the woman, in agreement with the absence of association we found between adiposity as well as anemia or ID and education level. The latter results are consistent with a previous report on anemia in the greater Tunis region (48) , whereas a pooled analysis from LMICs showed an inverse relation between anemia and educational level (49) . Increase in DB OW-AN with the economic level in Morocco was consistent with the pattern of overweight. Given that anemia was not associated with economic level in Morocco, the DB OW-AN pattern again reflected that of overweight. On the contrary, the rise in increased risk abdominal obesity we observed with economic level was not reflected in double burden. In Tunisia, no pattern of double burden reflected the inverse association we observed between economic level and anemia or ID, consistent with the reported increase in anemia in women in the lower social class (19, 20, 49) but not with previous results reported in the greater Tunis region where the socioeconomic status did not appear to be a determining factor in anemia (48) . No other sociodemographic factors were associated with anemia or ID either in Morocco or Tunisia. The urban contexts under study can be linked with the transitional stage of each country. In the 1990s, Morocco (50, 51) and Tunisia (36) showed the typical overweight/obesity pattern initially reported in LMICs, i.e., an increase with educational and economic advantage (31, 52) . Then, in Morocco, overweight increased more quickly in the lowest wealth group and the lowest education group (51), a trend also observed in many LMICs (51, 53) and likely in Tunisia where this kind of data was lacking. In 2010, based on gross national product per capita value (54), Morocco (2850 US$) and to a greater extent Tunisia (4070 US$) reached the stage (2500 US$) where obesity appeared to be spreading to women of lower socioeconomic status (30) and to an even greater extent in urban areas at a more advanced stage of the transition, like those in our study. Such an advanced stage of transition appears to correspond to the present situation in urban Tunisia where double burden as well as overnutrition concerned all economic or education groups, with a protective effect of higher economic level for anemia or ID. In urban Morocco, the economic pattern of overweight (retrieved through one double burden) could suggest that the country is at an earlier stage of transition than urban Tunisia; this was, however, not apparent in the overnutrition we observed, which was the same in the 2 populations. The more favorable socioeconomic situation of Tunisian women was also apparent in their higher education level or professional occupation. Current sociodemographic patterns of overnutrition and anemia or ID lead to a complex situation combining these different or opposite effects in the case of subject-level double burdens. That is why exploring these patterns was important, notably in parallel urban areas in 2 LMICs that are likely at different stages of the transition.
It is important to consider the reason why fewer sociodemographic factors are associated with the coexistence of overnutrition and anemia or ID in the women than with overnutrition and anemia or ID alone. The underlying behavioral, nutritional, and lifestyle factors cannot be understood only through the Adjusted for all regressors in column one.
3
P value for logistic regression models accounting for survey design among categories of variable.
sociodemographics related to malnutrition that are usually identified. Detailed quantitative and qualitative information on food consumption and physical activity is needed. Moreover, women of reproductive age may have different energy density and/or iron needs related to physiological changes that continue throughout life owing to postpregnancy and lactation. In this study, parity appeared as an important determinant of double burden and more important than age. Parity is an independent risk factor for overweight/obesity and this was retrieved in the parity-linked, marked increase in adiposity alone we observed in the 2 countries. Indeed, parity-related overweight was shown in women from Finland (55), Chile (56), the Eastern Mediterranean Region in Tunisia (36) , and Iraq (57), and also from many developing countries (58) . Also parity had a persistent effect on adiposity in a population of postmenopausal UK women (59) . Effect of parity on the double burden could also be driven by its relation with anemia or ID. In women of childbearing age, iron status worsened with higher parity in the United States (60) and India (61) . Similarly, in pregnant women, iron status was better when parity was <2 (62) and also in nulliparous participants (63) . Different from some sociodemographic factors that combined opposite effects on overnutrition and anemia or ID in the case of double burden, parity had similar effect, i.e., an increase, on the 2 single burden involved in the double burden of malnutrition. Given that, interventions to address the double burden could be delivered through ante-natal services.
Regardless of the underlying causes of the double burden in women, physicians and health care professionals should consider the risk of ID in all women presenting obesity before recommending dietary changes. This is of particular importance in LMICs like Morocco and Tunisia where there is currently an increasing focus on the prevention of overnutrition. Identifying the subject-level double burden is important, because it represents a clustering of opposite types of malnutrition, also called ''dysnutrition,'' (64) and can present a unique difficulty for public health interventions. An intervention designed to prevent obesity may exacerbate micronutrient deficiencies and vice versa. This is particularly true in these Moroccan and Tunisian urban contexts, because the population-level double burden was, to varying extents, due to individual double burden and therefore cannot be distinguished using environmental or household characteristics. Importantly, we have to take into account a physiological concern in parallel to exploring the determinants of the combination of ID and adiposity. A worsening ID status has been reported in association with adiposity (65) , with a recent assumption that this double burden may in fact result from obesity-derived, chronic, low-grade inflammation (leading to hepcidin-mediated iron delocalization and iron-deficient erythropoiesis) rather than poor diet quality and high consumption of energy-dense, iron-poor foods (25, 66) . This intra-individual effect of overnutrition on undernutrition could partly explain the lack of association between sociodemographic variables and the double burden examined in the present study.
The cross-sectional design of the study has known limitations regarding the causal interpretation of observed associations. One strength is that the study was based on 2 large, random samples of women in 2 North African urban areas. Although the latter characteristic to a certain extent prevents the results from being extrapolated to the national level, the urban situations studied are indeed typical of advanced nutrition transition contexts where the issue of the coexistence of overnutrition and anemia or ID is particularly serious. The data were collected from 2 countries at the same time using the same methodology, thus allowing comparison of the transition stage. One advantage was that, in addition to a simple assessment of overall adiposity using BMI, our analyses also included a proxy for central adiposity that may be less affected by variation in lean mass and is more sensitive to changes in energy balance (67) . One limitation of this study could be that for reasons of cost and practicality, only 1 of the 2 acute-phase proteins recommended for adjusting serum ferritin concentration (68) was used, thereby allowing only identification of participants with acute or current inflammation but not participants in the convalescence phase. However, different from characterizing inflammation due to infectious or parasitic diseases or malaria, in the present study, we defined adiposity-induced inflammation specifically related to an increase in C-reactive protein; in adiposity-induced inflammation, the convalescence phase might never occur. Consequently, the potential residual underestimation of ID when using only C-reactive protein was likely to be lower than the one found in context of infection-induced inflammation (68) . Also, the study did not include intermediate causes such as physical activity or dietary intake. Indeed, as the latter are of specific importance to the etiology of the double burden studied here, this is a limitation of the study, but the main focus was on studying associations with the more distal sociodemographic factors as is often the case in studies pertaining to either adiposity and/or iron status.
When considering the negative health effects of both overand undernutrition, individual double burden requires particular attention, because overweight/obesity is currently a major public health burden worldwide (69) . Given that the intrasubject coexistence of adiposity and anemia or ID concerned between one-tenth and more than one-quarter of urban women, this poses a new and serious public health challenge. Here, we report original findings highlighting the complex situation among individuals displaying the 2 extremes of the malnutrition spectrum and, importantly, to what extent the factors associated with individual double burden differed or not from those of overnutrition only or anemia or ID only. This confirms the need for a better understanding of the causes of overnutrition and anemia or ID in cases of subject-level double burden of malnutrition. It is important to specifically characterize the consequences of the nutrition transition in a LMIC to implement appropriate interventions for better prevention of both underand overnutrition (70) . In this respect, interventions should aim at, on the one hand, prevention of individual double burden in women who do not suffer from it and, on the other hand, acting on the determinants in women who are already affected by such phenomena. Beyond anthropometric indicators of excess body weight or body fat, a major aim should be avoiding another possible kind of double burden, i.e., the coexistence of nutritionrelated chronic diseases and micronutrient deficiencies.
